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PREDICTION OF RADIO CODE PERFCRMANCE--RECENT RESEARCH
AND NEZD FOR NEW ARC TEST

BACKGROUND

Since the introduction of the operational Army Classification Battery
in 1349, continuous research effort has beer directed toward maintenance
and improvement of the tests and aptitude area composites. The primary
cojective of the research, now the mission of the NEW CLASSIFICATION
TECHENIQUES Task, is to insure that instruments and procedures for classi-

fication meet changing Army job and manpower requirements.

Of the original ten ACB tests introduced in 1949, only one test,
the Arry Radio Code Aptitude Test (ARC-1), has not been the subject of a

rrojzct for revision%/. Two questions have delayed action with respect

to revision of the ARC: In view of reduced input requirements, should the
ARC continue to be a part of the ACB, or should it be made a special-
purpose test Tor edministration oniy tc selected personmuel such as volup-
teers for redio code jobs? Should the current loud-speaker presentation
of the test content be continued?

PURPOGE OF THE RESEARCE MEMORANDUM? .

The need for continued utilization of the ARC--and for its revision--
can be partly reflected by current and--to the extent possible--future
Army needs for Morse code operators. One major purpose of the present
Research Memorandum is to present general findings of a survey made by
personnel of the NEW CLASSIFICATION TECHNIQUES Task to determine those
needs. In addition, a review of recent recearch endeavors in the area of
radio code operator selecticn was made for suggestions of possible value
in improving prediction of radio code performarce.

%/Earlier, under the program to provide "common core" instruments for
all Armed services, tie operationsl Verbal test (VE) was designed to
replace the eerlier Reading and Vocabulary Test (RV), and Forms 3 end
L of the Arithmetic Reasoning Test were constructed to replace the
oripinal Forms 1 and 2. The Electronics Information Test (ELI) was
constructed to replace the older Elecurical Information Test and the
Radio Information Test. The three new measures we-e introduced into
ihe ACB in July 1957. Revision of the remaining ACB tests--except ARC--
has been undertaken in order to provide more effective bases for clasei-
fication to most Army jobs. In addition, two new tests, the Classifica-
tion Inventory (CI) and the General Information Test (GIT), were added
in October 1958 as the culmination of research on prediction of ability
for combat Jobs begun during the Korean iar.
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SURVEY OF CURRENT AND FUTURE RADIO CODE OPERATOR REQUIREMENTS

In 1953, input requirements for all radio code schcool and training
courses was 4 percent. Requirements decreased from 1953 to 1961. Howe
ever, a substantial increase in input for all courses teaching Morse code
is reflected in 1962 quotas. For the MOS having the largest training re-
quirement (MOS 053--Radio Teletype Operator), enlistee input for 1961,
1962, and 1963 was 3,200, 4,500 and 5,650, respectively. While projected
requirements for ell MOS training courses in Morse code had not been com-
pleted for 1963 at the time the present survey was made, evidence from
data on band indicated that the 1963 input will at least remeir about the
same as that for 1962. A list of specific yuotas for training input to
all such cocurses cannct be presented because of security restrictions on
certain jobs. Tiable 1 pregents a list of all enlisted MOS requiring code
skill, approximate hours of code instruction for each MOS, and the propor-
tiou of working time code is used on the job.

Although use of Morse code has decreased, the need for men proficient
in the skill still exists. Mcrse code, as & method of comminication, is
Xnown to be secondary to other methods in amount of use. About helf the
MOS requiring training in Morse code demand little if eny on-the-job
utilization of the skill (Teble 1). In special cases, however, Morse code
commnication has been found to be less affected by static and_caannel
coise than other methods of communicaztion more commonly used. Proficiency
in the skill remains critical to performance i these jobs, sificé incum-
bents may be called upon to supply communication when the usually more
efficient methods break down. Moreover, so far es could be ascertained,
replacement of the manual method by special devices is not projected for
the near ruture. If the marual method is replaced by an autocmetic device,
initial replecement would most likely be at the USASA level. At present,
only 30 to LO percent of the total radio code input is accouuted for by the
USASA.

Development of an improved radio code selector has been under consid-
eration by the Task for some time. Task personnel have therefore surveyed
recent research in the erea in order to have at hand an up-to-daie evalua-
tion cof developments which might contribute to more effective prediction
of performance and the identification of factors critical to performance.
The following section presents some of the research efforts considered

ost germane to selection of radio code operators in the Army today.

RECENT RESEARCH O:! RADIO CODE OPEFATION
METHOD OF TEST PRESENTATION

Aural preasentation of the Army Radio Code Aptitudc Test on a group
basis requires the use of icudspesker equipment. Creager and Deiter
(1954) tested the relstionship between seat location and performance on
the Signal Corps Code Aptitude Test (SCCAT) and the Army Radio Code
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lzptitudc Test using loud-speaker administration. The main purpose of the
t

udy was to determine if location effects did exist and, if so, to deter-
mine if such effects were serious from the standpoint of prediction of
operational performance. Significant differences in performance were
found to exist not only for horizonel and logitudinal dispiamcement of
groups of seets, but also for individusl seats. Seat location effects
did not significantly attenuate the low to moderate predictive efficiency
of these tests.

The question of wnether loudspeaker administration of radie code
tests should be replsced by other methods remains to be answered. Since
acoustical propertics may vary widely from room to rcom--especially when
test ruoms are nonstandard as in many Army testing situations--findings
from the Creager-~Detter experimentation canndot be widely geperallzed.
That location effects do exist, howaver, and mey vury accordirg t. specific
test situations, raises the questior of iest reliahility. Anotber i por-
tant question is whether significant attenuastion v~ uld result for tests
having higher validity than the ARC-1 or SCCAT.

PREDICTING RATIO CCDE OPERATOR PROFICIENCY

Kipnis and Glickman {1959) developed noncognitive messures in an
attempt to predict proficiency of radio code operators. Their main
hypothesis was that supervisor ratings of job performance depend more on
the general behavior of subordinastes than on entual performance, inasmuch
as selection and training have opersted %o reduce individual Aiiferences
in .2chnicel proficiency.

Coefficients o7 correlation with the three criteris wvere low to
moderate. Current predictors did not yiela statistically siguiticant
prediction of the job evalustion criterion, tui an insolence key of a
"rigk" scale (attitudes toward suthority) and a skills test (self-
generated motiveticn) did signiTicently predict tiis criterion {-.30 and
.32 respectively). The multiple correlation of these two tests with
supervisor evaluations was .Cl.

Predictive efficiency of the noncognitive tests was usually lower
than “hat of the cognitive precictors. However, the noncognitive measures
did significantly predict superv.sor ratings, which included factors
other than performance of specific jobo duties--jocb willingness,; respect
for authority, socisbility, sné supervisor accepuaice., Findiugs suggest
thet noncogritive predic* . rs could add to the validity of such measures as
ARC-1.

“eishman {i955) evaluated a number of auditory perception tests as
pred: cuors of proficiency in code recaption. A battery of experimental
test. was administered to 40O enteriny Air Force radic operators. In this
study, loudspeaker presertation wes circumvented by use of individual ear-
phones to provide sound from test tapes. The best single precictor ¢f the

-4 -
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criterion (word groups per minute received successruliy ai the end of 1L
weeks training) was the Army Radio Code Aptitude Test (r = .L&4). Three
other tests approached the magnitude of the velidity obtaized for the
ARC-1. An r of .33 was obtained for the Code Distracticn Test {detection
of the number of dots in signal groups presented in rapid succession with
the presence of irrelevan. backgro:nd noise). Hhythm Discrimination,
adapted from the rhythm subtest ¢f the Seashore Measures of Mugical Talent,
correlated .34 with the criterion. Dot Perception (similer to Code
Distraction, out without background noise) correlated .31 with the
eriterion. One advantege of such tests over ARC would be elimination of
the time-ccnsuming pre-trial learning ohase.

FACTORS ASSOCIATEL WITH CODE FECEIVING PROFICIENCY

“Yighiend and Fleishman (125€) crganized code errors into meaningful.
categories derived empirically frum code error deta in an attempt to
classify the most frequently made errors it code reception. The data
collected were "substitution” errors (responses to auditory numbers or
letiers vhich were different from the ones actually sent). Data were
collected in error pairc which consisted of the signal sent and the errone-
ous response to the signal. From responses of £39 Air Force students be-
girning redio code training, 34 most frequent error peirs were tabilated
in ordar ol difficulity. The 239G “scores” for each of *he 3k error pairs
vere correlated with scores fcr each of the less frequent error ovairs.
The resulting correlation matrix was subjected 1o factor anelysis.

Of seven factors identified. dct estimaticn end end-elemept substitu-
tion accounted for the largest percertage of errors. The tendency to
"shorten" respcnses, thut 1s, to leave out a dot or dash actually in the
signal, was orairarily creater than the tendercy to "lengthen". The
authors suggested that including factors of this type in code aptitude
tests would result in iacreased velidity of such tests, especielly in high
levels of code proficiency, where most errors are of the dot estimation
and end element substitutiorn type.

To gsin more knowledge sbcut fundamental aptitudes involved in radio
code performance, Fleishman, Toberts, and kreidmar (1958) conducted a
study whereby 14 experimental aural and written predictors were factored
using the criterion of deys teken to attain s code-receiving speed of 1h
groups per minute. Tests were adrinistered %o 310 airmen prior to their
entrance into radio cperator trainiag.

Three of the six ability factors extracted--speed of clorsure, auditory
rhythm perception, and sudifory perceptual speed--were though? to be impor-
tent contributers 1o individuel differences in proficiency of Morse code
receptior. A dot perception test (Fleishman, 1$55) and the Army Redio Code
Aptitude Test were included as variables in the chythm percention and audi-
tory perceptual speed factors. The Copying behind Test, in which the




examinee had to mmrk down series of numbers pr2sented aurslly in rapid
Juccession, la+dia. on all three factors. From the study ess a whole, a
‘closure” fr.oior ias been postulated in code proficiency. In addition,
sural tests gave better prediction of the criterion than 4id the written
ones.

Fleishman and Fruchter (1960) were interested in determining the pre-
dictcbility ¥ succcssive stages of leerning Morse code using the factor
structure obteired in the study in which the "closure” Tactor was demon-
strated (Fleishman, Roberts and Friedman, 1958). Reccrds were obtained
of the number of deys required by the 310 radiov operator students to
reach {our successive prof:ciency levels-~4 word groups per minute, to go
fram I 4o 6, fram 6 to 10, and Tro.. 10 to 14, Cbrrelmtion coeflicients were
then computed between the ability tests and days taken to reech each stage.

Auditory rhythm discrimination and auditory perceptual speed appeared
to indicate individual difference:s in speed ¢ learning during the early
phases of treining, but played e smaller role, along with speed of closure,
in the intermediate stages of learning. Individual differences reflected
by these common abilities appeered to be less critical in the later stages
of learning, overall predictabil:ty of proficiency in code learning de-
creasing as learning increeses. It wus suggested by the suthors that pro-
gress in the later phases of training is more a Junction of specific habits
acquired during training.

Goffard (.960) attempted tc determine if increased interest and
motivation would acnc =rate the rate ol code learning. Subjects were
students in the High Speed Radio Oreration (V25 052) course s=xd the Radio
Peletype Operation (MOS 053) course. The maiz approach vas to modify
standerd training programs by inserting mesningful material in messages
received (increased variety) and by progressively increasing the speed of
nessages received during a given practice session {increased challenge).
.Athough students reported that the experimentsl programs were more in-
teresting than the standard program, neither of the twn variations intro-
duced experimentally proved to be significantly more erfective than the
standard program.

APPLICABILITY OF FINDINGS TO FUTURE RESEARCI®

Lesearch studies conducted Guring the past few years in the selectio
and classification of radio code personnel heve concentrated on the identi-
fication of fartors fundamental to aptitudes and proficiency ‘evels, the
reliability of aural code tests, and the developwent of new predictors.
Approaches suggested by reported research findings opd mechods of inveati-
gation are summarized velow.
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TEST RELIABILITY

Aural code tests could be studied under varying environments typical
of Army testing set-ups. If reliability proves to be low under these con-
ditions, other methods of administering aural code tests should be investi-
ga.ed. Methods should be sought to reduce variance associated with loud-
speaker sdministration, including presentation by individual earphones.

STUDY OF ARC-1 TEST CONTENT

ARC-1 test records provide readily availsable material for the study
of item response groups (errors). Differences in response patterns of
successful and unsuccessful trainees could he investireted. If differ-
ences are significant, slternste scoring procedures could be devised as a
means of concentrating more heavily on the more (iscriminating groups of
item Dpatterns; or test content could be reviged to emphasize the more dis-

criminating item groups.

FACTORS RELATED TO SCHOOL SUCCESS

An attempt could be made to identify factors essential to success in
radio code school through interviews with subject matter experts and obser-
vation of "good" and "poor" students. Interviews would be expected to pro-

vide information on

1. Acquired habits and beraviors inculcated by instructors and
considered essential to achievement

2. Important conative-emoiional espects of code learning (problem-
solving behavior, motivation, attitudes)

3. Cognitive attributes (inteliectual abilities and critiecal
physical capacities such as dexterity and hearing).

Direct observation of students demonstrating variour levels of pro-
ficiency could be made at this juncture. Various phases in the learning
processes of fast learners and slowv learners would be observed to note

what, if any, differences in response patterns charecterized the two
groups. Clues would be sought in ipecific factors which appear to differ-

entiate the successful student from the unsuccessful. Work hebits anpd
problem soiving behavior would be investigated from the standpoint of
difference between the successful and the unsuccessful.

From this investigation insight may also be gained intc learning
abiiity and habits acquired during training and the interplay of the two
factors as determinates of school success. One approacir would be to deter-
mine the predictive efficiency of available radio code measures at various

phases of training.
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EXPFRIMENTAL MEASURES

New measures might be designed to enhance prediction of success in
raaio code MOS. Some of the factors emphasized in prior research, such
as speed of closure, auditory p¢vrception of rhythm, and perceptual speed,
could be investigated more thoroughly. Basic to this approach is a
beltter understanding of these factors and of the kinds of test likely to
be good measures of a given factor. Research aimed at predictor devel-
oprent. would include investigation of psychophysical phenomens, auditory
grouping ability required for good closure in a confused field, seusory
thres: 0ld requirements, ani J.n.d.'s.

SUMMARY

Decreased demand in the recent past for Army enlisted personnel
having training in Morse code has held up decisior to reevaluate the
operational Army Radio Code Test which was part of the original Army
Classification Battery introduced in 1949.

A recent survey was made by the New Classification Techniques Task
personrel to help determine if the ARC-1 is still needed as a classifica-
tion device in light of current and futu-e demands for radio code operators.
Results of the survey suggest that demands for these operatcrs are on the
increase st present.

Literature perteining to research in the radio code area was reviewed.
Recent research in this area has bzen oriented toward spucifying fundamen-
tal abilities underlying radio code proficiency, as well as toward the
development of new predictors. Based on the survey and on the review,
suggestions are made for exploratory investigations which may prove to be
of value in formulating research plans to enhance predictive efficiency of
radio code tests. These suggestions include checking the relisbility of
sural code tests under typical Army testing conditions, examining ARC-1
test content for unique groups of item response patterns which would
differentiate successful from unsuccessful trainees, conducting studies
at radio code training centers in an attempt to find factors in the
training process critical to radio code performsnce, arnd designing experi-
mental meas:res to supplement the ARC-1.
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Creeger, J. A., and Detter, H. M. The relation between seat location and
performance on two Radio code tests using loudspeaker edministration. AF
Personnel and Training Research Center, Lackland AFB, Texas. Technical

Report AFPTRC-54-6L4, 1954%.

se. To determine if seat location effects exist under a
specified set of testing conditions. If such effects do exist, ars they
serious from the standpoint of prediction of operational performencet

Method. The Signal Corps Aptitude test (SCCAT) end the Army Radio
Code Aptitude Test (ARC-1) were administered experimentally to 2507 basic
airmen at Lackland AFB. The testing room comprised one-half of a single
story building of the military barracks type. Tests were administered
using magnetic tapes and equipment commonly available for auditorium public
address systems. Two speakers were used op the left wall of the testing
roon--one located 9 feet from the front of the room, the other 18 feet fram
the back. Both were mounted 8 feet from the floor.

In order to arswer 1h~ question regarding the existence of seat
location effects under the above testing conditions, the data from each
code test administration were apslyzed using two different designs.
Design A analyzed the variance of each seat without grouping. Design B
analyzed the variance of rmean scores for seats grouped in terms ot hori-
zontal and longitudinal displacement in the testing room. Of the 107
seats in the room, means and standard deviations were computed for 90
seats. TFrom 20 to 30 examinees were tested for each of these 90 seats.

Results. Statistically significant seat location effects were
demonstrated for both the SCCAT and ARC tests under both designs. The
question of whether such seat location effects were of practical signifi-
cance, in the sense of attenuating the predictive efficiency of the aural
code tests, was also investigated. Practically rno attenuation of validity

for either the ARC or SCCAT was noted.

- 10 -
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Fleishman, E. A. Predicting code proficiency of radiotelegraphers.
Journal of Applied Psychology, 1955, 39, 150-155.

Purpose. To evaluate a number of auditory perceptusl tests as
predictors of proriciency in telegraphic code reception.

Method. A battery of experimental tests were administered to LOO
entering radio operators at Keesler AFB. Sound from testing tapes was
presented to each examinee through individual earphones in administering
the following experimental measures:

1. Pitch discrimination

2. Loudness discrimination

3. Rhythm discrimination

4., Time discrimination

5. Timbre discrimination

©. 7Tonal memory

7. Dot Perception Test. A series of 55 signal groups consisting
of rapid patterns of “dots" and "dashes". For each series, the examinee
had to indicate the number of dots presented.

8. Code Distraction Test. 150 sigmal groups similar to those pre-
sented in the Dot Perception Test. The signal groups were administered
in the presence of irrelevant background auditory signals. The examinee
had to indicate the number of dots presented in each series.

9. Army Radio Code Aptitude Test

The criterion measure was the number of groups per mirute received
successfully at the end of 14 weeks training. Means, standard deviationms,
intercorrelations and validity coefficients were computed for all vari-
ables. Corrections for double restriction {due to selection on the basis
of the ROAI and SCCAT tests), using the matrix multivariate restriction
formulas described by Thorndike, were applied for all intercorrelations

and validity coefficients. A test selectior was computed for the individ-
ual tests

Results. The best single predictor was the Army Radio Code Aptitude
test (r = .I4). Three other tests approached the magnitude of the validity
obtained for the ARC: Code Distraction (r = .38), Dot Perception (r = .31)
and Rhytbm Discriminetion (r = .34). A combination of the ARC, +hm dis-
crimination, and Code Distraction tests yielded a multiple coefficient of
correlation with the criterion of .%51.




¥leishman, E. A., and Fruchter, Benjamin. Factor structure and Predict-~
ability of zucoessive stages of leurning Morse code. Journal of Applied
Psychring |, L, b, 97-101.

se. To determine the nredictability of successive stages of
learning Morse code.

Method. A battery of 1lh ability tests was administered to 310 enter-
ing radio O operator students. Records were obtained of the number of days
required by these students to reach four successive proficiency levels of
Morse code reception. These levels were the number of days to obtain a
speed of 4, L to 6, 6 to 10 and 10 to 14 groups per minute. Correlations
were ithen computed between the ability tests and student progress during
the 4 stages of training. A factor analysis of the ability measures was l
carried out and the factor structure of the criterion messures determi :

Results. Results suggest that two auditory abilities--Auditory Rhythm
Discriminatiorn and Auditory Perceptual Speed--indicate individusl differ-
ences in speed of learning Morse code during the early phases of training.
In the intermediate stages of learning these abilities plsy & smaller role
along with speed of closure. In the late phases of training individusl
differences ir these common abilities are less criticasl--overall predict-
ability of proficiency in code leernirng decreases as learning increases.
Tests in this aree sre valid mainly for predicting success only for the
early phases of training. At later phases, progress is more & function of
specific habits acquired in training.

—]>or g detailed descrlptlon of the 1L predictor tests and factor
structures see Fleishman, L. A., Roberts, M. M.. and Friedman, M. P.
A Factor Analysis of Aptitude and Prcficiency Measures in Radio-
selegraphy. Jourral ol Applied Pugschology, 1038, W2 129-135.

- 12 -
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Fleishman, Edwin A., Roberts, Millard M., and Friedmsa. ;< ~ton P. A
factor analysis of sptitude and proiciency measures ‘n rsciotelegraphy.
Journsel of Applied Psychology, 1958, L2, 129-135.

se. The purpose of this study was to oLiei wm+ nowledge about
the fundemental asptitudes involved in rediotelsgraphy *h:-vu-h the applica-
tion of factor analysis techniques to both aptitude mei..-- and proficiency

criteria. Despite the variety of studies on Morse cod.. = <le& is known
ebout fundsmentsl abilities underlying proficiency in *. - .x.1d.
Method. Fourteen tests were administered to 31C a' ~.... prior -

their ertrance into redio operator training. Five of tuce:z tests 1 -p2 -
euditory, nine were printed. All were hypothesized to rva: are abi .j :ies
relevant to success i learning morse code.

Experimental variables were:

1. Rhytim Discrimination. An adaptetion of <he rrythm subte:: Of
the Seashore Messures of Musical Talent. The tacn, vas o indicate fov

each pair ol rhythm patterrs whether they were iz sspsg ~~ 1lifferevn-.

70 pairs were piresented in all.

2. Dot Perception. A series of dots and deshes werz presentel. .I.

repid succession. For each presentation the examinee hed to indica.. the
number c¢. dots heard. The speed of transmissica -acreaced in succession
througho.: “he test of 13D items.

3. Corying Behind. Groups of numlers were cellea out in rapid

succession. The task was tc mark down the numbers for each series. The
speed of transmission increased from the start to the Tinish of the test
(20 items).

4. Hidden Tunes. A series of short tunes were administered in
pairs. The last tune was alweys longer thap the first. The task was to
indicate vhether the first tune was included as part of the seccnd one
(50 pairs).

5. Avrzmy Redio Codg; The APC teat included as part of the Army

Classification Battery.

6. Four-letter words. Tweniy-iwo u6-letter lines were printed on a
page in capital letters. The examinee had to circle sll of the h-letter
vords which could be found in sequence in this array.

- 13 -




LAkl dhad b s

T YV RO

TN ATy

T YT T

7. Gestalt Completion. Drawings representing only suggestive parts
of objects were portrayed. The task was to identify the obJjects.

8. Mutilated Words. Word completion of words with parts of each

1etter missing.
9. Designs. The task was to identify the symbol for sigia which
was embedded in 40 of %00 geometrical designs presented.

10. Concealed Figurcs. 7he examinee was required to select one of
five given geometrical figures that was contained in a more complex geo-

metrical field.

11. Marking Accuracy. The task was to merk on an IBM answer sheet,

which one of 5 aiterratives to each item had been overprinted with a
This speeded test was taken to be the visual counterpart

smell circle,
of the Copying Beaind test.

12. Word Knowled-e. A mltiple-choice vocabulary test.

13. Background for Current Affairs. A test of current history and

events.

1k. Pattern Comprehension. A series of drawings in which the

examinee had to visualize the relat:ioaships between components of solids

and their unfolded, flat projections.

The criterion used was the number of deys taken for each examinee

to attain a code receiving speed of 14 groups per minute. Intercorrela-
tions among 1% variables and the criterion were obtained. Correction for
restriction in range (selection for training on the basis of the Airmen
Classification Battery) was made. A factor analysis was performed using
Thurstone's centroid method. Orthogonal rotations. using Zimmerman's gra-
phical procedure, were conc.coed witil sumple Soruccalbe appeared to be clo. -
ly approximated.

Resuits. Six factors were extracted. These factors were interpreted
as (1) visualization, §2) verbal ability, (3) auditory rhythm perception,
(%) speed of closure, (5) auditory perceptual speed, and (6) residual.
Results suggest that 3 of the ability factors contribvute to individual
differences in proficiency of Morse code reception: speed of closure,
auditory rhythm perception, and auditory perceptual speed. Both the Dot
Perception and Army Radio Code fgptitude tests were included as variables

- 1b -
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in the rhythm perception and perceptual speed factors. The Copying
Behiad test appeared in all 3 of the factors.

A major contribution of +this study was stated as being the demonstra-
tion of a “closure" factor in code proficiency. Also, results of earlier
studies were corfirmed in that aural tests gave better prediction of code
proficiency than most printed tests. A multiple R of .66 was stated as
being probeble using these variables as predictors of the criterion. A
multiple correlation study using e wider range of predictors is presently
being ccnducted.
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Goffard, S. J. Experimental studies of skill in copying irnternat:onsl
Morse code. Human Resources "esearch Office Technicul Report 68.

December 1960.

Purpose. The main purpose 2f this research effort was to determine
if increased interest and motivation would accelerate the rate of code
learning. Proficiercy in code skills is known t0 increase at a relatively
slow rate. Practice sessions, in which students spend from one-third to
one-helf their total course time, are often tedious and monotonous. The
tedious phase comes after basic code (36 code characters) has been learned.

Method. An attempt was made to raise the level of interest and
motivation among students in the High Speed Radio Operator (0S 052)
course and the Radio Teletype Operation (MOS 053) course. Two experimental
modifications were mede within the code practice portion of each course.
In the first experimental program code messages were embedded in context
as a means of arousing the interest of the students. In addition, each
messege vas sent twice in succession, the first tire to be copied and the
second time to enable studernts to check the accuracy of their copy iume-
diately. The second experimental program wes a progressive practice type
in which the material to be copied was sent at seversl different code
spe2ds rather than at only one speed as in conventic.al practice. ‘The
messages to be copied were in ascending order of speed, thus providing a
progressively sharper challenge to the student. Again, each messuge was
sent twice in succession. The rate of skill acauisition of students in
the two experimental programs was compared with that or students in the

standard program.

Experimenters considered that the conventional "speed check” was a
measure, not of actual skill at code copying, but rather c¢f whether or not
s man had reached a gpecified level of skill. The criterion measure
adopted for the study consistved of a series of brief tests given at several
different speeds during various phases of training. The measure was de-
signed to indicate at exactly whet speed a man could be expected to copy

code with 20 percent accursacy.

Results. Altnough students reported that the experimental programs
were more interesting than the standard program, neither modified program
proved to be significantly more effective than the starndard program.

- 16 -
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Helme, Jilliam H., Differential validiry of the ACB for couzses in
seven job areas. U. S. Army Personnel Research Office. Technical

Research Report No. 1118. April 1960.

A comprehensive study of the effectiverness of ACB tests lor

fferential classification was made utilizing results obtained in 73
different Army schcol courses. Four testsg--Army Clericel Speed,
Automotive Information, Electronic Information, and Army Redio Code
Aptitude--~were found to be effective differentisl selectors for re-
lated job areas. Results obtalped on the ARC-1l, as a differential
selector, indicated the need for new altermate forms, but construction
of these forms has been held in abeyauce in view of a decreas.ng
demend in the number of personnel regquired for radio~code johs from.

1953 to 1961.

- 17 -




b

é
z
E

i

Highland, Richard W. and Fleishmar Edwin A. An ampirical classification
of error patterns in receiving Morse code. Journal of Applied Psychology,

1958, 42, 112.119.

Purpose. To organize code errors .nto meaningful categories derived
empirisally from code error date. Specifically, to (1) determine the
order >f difficulty of the most frequent substitution errors. (2) apply
factor analysis to the intercorrelations among the errors, and (3)
examine the relationship between the error factors cbtained and the most

frequently nade errors.

Method. The data collected wer:z "substitution" errors--responses to
auditory numbers or letters which were differernt fror the actuel ones sent.
Data were collected in error pairs which consisted of the signal sent and
erroneous response to the signai. In all, 1260 possible errors could be
made from the 26 alphabetical letters and numbers (0-3) that were sent.
Out of respcases from 299 students a table was computed to show the 3k
most frequent error pairs in order of difficulty. The 299 "scores" for
each of the 34 error pairs were correlated with scores for each of the
other pairs. The resulting correlation metrix was factored using the
Thurstcone cerntroid method.

Results. Seven factors were identified: Dash estimation, dot
estimation. end-elemert substitution, internal error, doublet, and
residual (tactors 6 end 7). Dot estimaiion and erd-element substitution
accounted for the largest pecrcentage of errors, and the response tendency
for "shortening" was ordinarily greater than the response tendency for
"lengthenirg". The authors suggest that including these factors in code
aptitude tests would result in increased validity of such tests. Another
hypothesis was that items emphssizing dot estimation and end-element
substitution in code aptitude tests might prove to be beneficial in pre-
dicting high levels of code proficiency, since most of the errors are of
this type. In other terms, such measures may be more predictive of firal

agsymptotes in code learning tnan present measures.

- 18 -
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Kipnis, Devid and Glicignan, Albert S, The Development of a noncognitive
battery: Prediction of radioman performance. Bureau of Neval Fersonnel.
Technical Bu.letin 59-1k, June 1959.

Purpuse. To develop noncognitive tests to predict performerce evalus-
tions of ejdistex personnel in rediotelegraphy.

Method. 3Since grades at trainirg schools have shown only meager re-
letionships vith duty performance evetuations, it was assumed that Judg-
mer.cs of performence effectiveness e > stropgly influenced by the extent
t¢ wiich subordinates' behsviors show acceptance of the supervisor's ine-
fluence and promote zonfidence in the subordinate's ability to do the
vorx., Differerces in technical proficiency apparent to supervisors on
the job ers decreased by selection and training in the school; thus,
supervigors way have to compsare their men on the basis of other factors.
To test this hypothesis, criteria included on-the-jcb performance ratings,
a8 well as finel school gracdes and a test of code proficiency. The
sarple consisted of 14l recruits entering Class A, RM School, U. S.

Navel Training Center, Bainbridge, ikryland,

Predictors:

Experimental Tests

1. Hand Skills Test. A test of the speed of use of hands and
fingers. It was assumed that :‘his test taps e characteristic likely to
be valued by supervisors, i.e., self-generated motivaetion persisting
beyond uinimal levels of achievenent.

2. Error Finding Test. A meesure of ability to work fast wi.hout
meking mistakes. The hypothesis urderlying this test was that those who
lack confidence in their own percrptions or judgmeants will not recelve
the confidence o their supervisors.

5. Color Naming Test. A test of reaction time to unexpected
stimuli. The hypothesis underlying the test was that disorganizaticno or
sluggishness in dealing with stressful situations may be & basis of low
performance evaluations.

L. Risk Scale. A test of risk-ieking behavior. It was inferred
that men wno score high on this scale display & hostile and insolent
attitude toward authority.

5. Sports Information. A multiple-choice test on the rules and
play of various sports.

-19 -
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Cuccently (peratiopal Predictors

€. General Classification Test
7. Arithmetic

8. Mechanicel Tert

G, (lewical Teat

20. Radlo Code Aptitude Test
Criteria:

1. Redio man School Perforuerce. Fipal grade rurging from 55% to

10%%.

2. Grede on Code Copyiag Test (CODE f FOX) at the end of 12 weeis
of training. Scores ranged from 7 to 48 words ver minute.

3. On-tne-job Performance 13 montrs after testing. A total perform-
ance score derived from five ll-point scales covering job willingness,
technical competence, respect for authority, peer sociability, end super-
Tisor acceptance.

Means . stendard deviatiops, snd intercorreletions were obtsined for
and amor: all relecters. Triserial product moment correlation coefficients
were computed tetween prediciors and the three criteria. Finally, coeffi-
cients of .adtiple correlation were obreined for the total test battery
for each criterion.

Fesults. The Sports Scate and the Risk Sceie significantlyv predicted
final RM grades, with r's of .19 and ..31, respeciively. The addition of
these two tests to the best combination or current selection tests (RCAT )
ARI f GCT) raised the multiple correlation with finsl grade from .34 to ‘Lé.
The Hand Skills Test (.19), Color Naming Test (.25), and the Pisk Scale
(-.21) gave significan. prediciion of CODE { FOX scores. These tests
raised the multiple of the best current predictirs from .35 to U6,

Analysis of current measures d4id not result in gtatistically signi-
ficant prediction of the job evalvation criterion. An insolence key of
the Risk Scale and tk= Hand Skill, Test did -ignificantly oredic. this
ariterion (-.3%0 and . 2, respeccively). The multiple correlation of these
two testc with supervisor evaluations was .hLl.
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